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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The formation approach of the hole pattern characterized by to form the hole pattern 
of the diameter of an osculum in the approach of forming a hole pattern in the photoresist film 
formed on the substrate rather than the diameter of a hole made into the purpose by exposure 
and development, to heat to temperature higher 1 0 degrees C or more subsequently than the 
softening initiation temperature of the photoresist film, and to make it reduce to the diameter of 
a hole aiming at an aperture according to heat deformation of the photoresist film. 
[Claim 2] The formation approach of the hole pattern according to claim 1 characterized by 
forming the hole pattern of 0.2-1.0 micrometers of apertures by exposure and development, and 
making this reduce to 0.1-0.5 micrometers of apertures according to heat deformation. 
[Claim 3] The formation approach of the hole pattern according to claim 1 or 2 characterized by 
making the diameter of a hole of the hole pattern formed by exposure and development reduce 
to 1/2 or less according to heat deformation. 

[Claim 4] The formation approach of the hole pattern according to claim 1 to 3 characterized by 
softening initiation temperature using a thing 135 degrees C or less as photoresist film. 
[Claim 5] The formation approach of the hole pattern according to claim 1 to 4 characterized by 
developing negatives after giving post exposure baking after exposure. 
[Claim 6] The photoresist spreading constituent for forming the hole pattern of the aperture 
which consists of alkali fusibility resin, a sensitization agent, and a solvent, is made to reduce the 
diameter of a hole which is characterized by softening initiation temperature being 135 degrees 
C or less, and which heated to temperature higher 10 degrees C or more than this softening 
initiation temperature, and was formed of exposure and development after development, and is 
made into the purpose. 

[Claim 7] The photoresist spreading constituent for consisting of alkali fusibility resin, a 
sensitization agent, and a solvent, forming the hole pattern of 0.2-1.0 micrometers of apertures 
by the exposure and development which are characterized by softening initiation temperature 
being 135 degrees C or less, and forming the hole pattern which heat to temperature higher 10 
degrees C or more than this softening initiation temperature, and 1/2 or less is made to reduce 
the diameter of a hole after development, and is made into the purpose. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of forming the hole pattern of a 

minute aperture in the photoresist film. 

[0002] 

[Description of the Prior Art] If high integration of it is carried out and dynamic random access 
memory (DRAM) is taken for an example whenever an integrated circuit follows a year, although 
it has 16M bit memory capacity, formal production is started now, and also it is progressing to 
what is 64M bit. It is required that the demand to a photolithography technique indispensable to 
production of an integrated circuit should also become severe every year, and now should have 
submicron pattern formation ability also to a photoresist in connection with it 
[0003] It is known that the resolution (R) of a resist pattern is generally expressed with a 
formula (1). 

R=k-lambda/NA — (1) 

here — the wavelength of the source of lambda:exposure, NA:projection lens numerical aperture, 
and kiconstant it is . That is, it is effective in improvement in the resolution of a resist pattern 
short wavelength-ization of the source of exposure and to enlarge projection lens numerical 
aperture. 

[0004] Although an ultraviolet radiation line called g linear light (wavelength of 436nm) or i linear 
light (wavelength of 365nm) of a mercury lamp was conventionally used for the source of 
exposure of resist pattern formation, a far-ultraviolet beam of light with more short wavelength, 
a vacuum-ultraviolet beam of light, an electron ray, an X-ray, etc. are increasingly used as the 
light source with detailed-izing of a pattern. However, in the conventional photoresist, there are 
various problems — the absorption by the side of short wavelength is large — and it has not yet 
resulted in practical use level. 

[0005] Moreover, resolution improves so that lens numerical aperture is large, but conversely, 
since the depth of focus and exposure area fall, about 0.6 are made into the limitation practical. 
As mentioned above, there is a limitation in enlarging short-wavelength-izing and lens numerical 
aperture of the source of exposure. Moreover, research of the detailed pattern formation using 
hyperresolution techniques, such as a phase shift technique and deformation lighting technology, 
is also done briskly. A phase shift technique reverses the phase of the adjoining mask 
transparency section mutually, and acquires optical high contrast. However, as for this 
technique, development of the detailed pattern formation approach that it does not use a phase 
shift method since a mask production process becomes complicated is desired. 
[0006] As one of the technique of detailed-izing of a photoresist pattern, post exposure baking 
(only henceforth PEB) is known. The purpose of PEB is by causing the thermal diffusion of the 
sensitization agent exposed with heating to equalize concentration distribution of the 
sensitization agent by the standing wave. While the irregularity of the shape of stripes looked at 
by this by the photoresist side attachment wall after development graduates, the omission 
nature of a pattern improves and resolution improves. 

[0007] Moreover, the postbake which heat-treats after development is known from the former. 
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Postbake evaporates the developer and rinse which remained on the interior or the front face of 
a photoresist, is removed, and aims at generating prevention of the heat-resistant improvement 
as an etching mask pattern, the amount reduction of side etching at the time of wet etching, the 
improvement in adhesion with a substrate interface, and the gas from the photoresist at the time 
of an ion implantation further etc. therefore, UV curing and CF4 which irradiate far ultraviolet 
rays and perform optical crosslinking reaction of a photoresist while heat in order to make it the 
pattern formed of exposure and development not deform in postbake the technique of lessen 
deformation at the time of BEKU of plasma fluorination processing of gas etc. have be take ( the 
resist ingredient handbook for semiconductor integrated circuits, editorial supervision : Tsugio 
Yamaoka, 1996, a rear rise company, 215 pages). Therefore, it is supposed using the photoresist 
with softening initiation temperature high if possible that it carries out to softening initiation 
temperature at temperature with little [ soon ] .heat deformation if possible. 
[0008] 

[Problem(s) to be Solved by the Invention] The purposes of this invention are approaches other 
than amelioration of a photoresist or an exposure technique, and are to offer the approach of 
forming the hole pattern of detailed apertures, such as a contact hole. 
[0009] 

[Means for Solving the Problem] It faces forming a hole pattern in the photoresist film formed on 
the substrate according to this invention. Rather than the diameter of a hole first made into the 
purpose by the exposure and development by the conventional method, form the hole pattern of 
the diameter of an osculum and it heats to temperature higher 10 degrees C or more 
subsequently than the softening initiation temperature of the photoresist film. By making it 
reduce to the diameter of a hole aiming at an aperture according to heat deformation of the 
photoresist film, the hole pattern of a detailed aperture can be formed easily. That is, this 
invention tends to form the hole pattern of a desired aperture by making it transform the formed 
pattern positively by heat treatment by contrast that it was performed as the postbake which is 
heat treatment after the development currently performed conventionally avoided deformation of 
the formed pattern if possible. 
[0010] 

[Embodiment of the Invention] If this invention is explained to a detail, in this invention, exposure 
and development of the photoresist film can be performed according to a conventional method. 
The semi-conductor wafer of III— V compounds, such as a silicon wafer which has the level 
difference by which various kinds of insulator layers, an electrode, and wiring were formed in the 
silicon wafer or the front face as a substrate, a blank mask, GaAs, and AIGaAs, etc. can be used. 
As a photoresist spreading constituent for applying to a substrate and forming the photoresist 
film, the so-called positive type photoresist spreading constituent which usually consists of a 
quinone diazide system sensitization agent alkali fusibility resin, and solvents, such as 
naphthoquinonediazide, is used. 

[0011] Although conventionally well-known various alkali fusibility resin can be used as alkali 
fusibility resin, for example, novolak resin, polyhydroxy styrene or its derivative, a styrene maleic 
anhydride copolymer, etc. are used, it is desirable to use novolak resin, polyhydroxy styrene or 
its derivative, especially novolak resin. As novolak resin, a phenol, o-cresol, m-cresol, 
Alkylphenols, such as p-cresol, 3-ethylphenol, 2, 5-xylenol, and 3,5-xylenol Alkoxy **, such as 
2-methoxy phenol, 4-methoxyphenol, and 4-phenoxy phenol, aryloxy phenols, Naphthols, such as 
alpha-naphthol, beta-naphthol, and 3-methyhalpha-naphthol 1, 3-dihydroxybenzene, 1, 3- 
dihydroxy-2-methylbenzene, Hydroxy aromatic compounds, such as polyhydroxy benzenses, 
such as 1, 2, 3-trihydroxy benzene, 1 and 2, 3-trihydroxy-5-methyIbenzene, 1 and 3, and 5- 
trihydro KISH1N benzene, Aliphatic series aldehydes, such as formaldehyde, a paraformaldehyde, 
an acetaldehyde, and a paraldehyde What carried out the polycondensation can be used, being 
able to use carbonyl compounds, such as alkyl ketones, such as aromatic aldehyde, such as a 
benzaldehyde, and an acetone, as a catalyst for a hydrochloric acid, a sulfuric acid, oxalic acid, 
etc. That which carried out the pyrogenetic reaction of any one or more sorts of formaldehyde, 
an acetaldehyde, and the paraldehyde, using [ that ] a hydrochloric acid, oxalic acid, etc. as a 
catalyst and carried out the polycondensation preferably to more than a kind of m-cresol, p- 
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cresol, 2, and 5-xylenol and the 3,5-xylenol is used. Especially the photoresist that especially a 
desirable thing makes a hydrochloric acid, oxalic acid, etc. a catalyst, made carry out the 
pyrogenetic reaction of m-cresol, p-cresol and 2, and 5-xylenol, and a formaldehyde independent 
or formaldehyde and an acetaldehyde or a paraldehyde, was made to carry out a 
polycondensation, and was prepared using this has the remarkable improvement in resolution. 
[0012] As for especially the polystyrene equivalent weight average molecular weight (only 
henceforth molecular weight) of novolak resin, 20,000 or less are [ 30,000 or less ] desirable. 500 
or more are desirable especially desirable, and the minimum is 3,000 or more. When molecular 
weight was too low, the softening initiation temperature of the photoresist film falls too much 
and heat deformation is carried out with heating, it is easy to transform a hole pattern. 
Conversely, if molecular weight is too high, when softening initiation temperature will become 
high too much and heat deformation will be carried out with heating, dimension control will 
separate from a good temperature requirement 

[001 3] As polyhydroxy styrene or its derivative, that to which the polymerization of the 
hydroxystyrene derivatives, such as 4-hydroxystyrene, 3-methyl-4-hydroxystyrene, and 3- 
chloro-4-hydroxystyrene, was carried out by the well-known approach can be used. Moreover, 
as long as it is a request, the above-mentioned alkali fusibility resin may be returned by 
hydrogen etc., and what made extinction of a short wavelength field low may be used. Unless it 
has a bad influence on this invention, substituents, such as a halogen atom, a nitro group, and an 
ester group, may combine with the aromatic compound for furthermore manufacturing alkali 
fusibility resin. 

[0014] As a sensitization agent containing an orthoquinone diazido radical, ester or amides, such 
as a 1, 2-benzoquinone diazido-4-sulfonic-acid, 1, 2-naphthoquinonediazide-4-sulfonic-acid, 1 , 
and 2-naphthoquinonediazide-5-sulfonic acid, are usually used. For example, it is desirable 
polyhydroxy alkyl compounds, such as a glycerol and pentaerythritol, or novolak resin, bisphenol 
A, 4, 4\ and to use 4" of ester, such as a polyhydroxy aromatic compound L such as - trihydroxy 
phenylmethane, gallate, quercetine morin, and a polyhydroxy benzophenone ], 1, 2-benzoquinone 
diazido-4-sulfonic-acid, 1 and 2-naphthoquinonediazide-4-sulfonic acid, 1, and 2- 
naphthoquinonediazide-5-sulfonic acid. Especially, ester with phenol nature hydroxyl group- 
containing compound is desirable, and especially ester with novolak resin is desirable. 
[0015] As a solvent used for preparation of a photoresist spreading constituent For example, 
hydroxycarboxylic acid ester, such as methyl lactate, ethyl lactate, and glycolic-acid ethyl Glycol 
ether ester, such as ethylcellosolve acetate, methyl-cellosolve acetate, and propylene-gjycol- 
monomethyl-ether acetate Keto carboxylate, such as methyl pyruvate and pyruvic-acid ethyl 
Alkoxy carboxylate, such as 3-methoxy-methyl propionate and 3-ethoxy ethyl propionate 
Ketones, such as an acetylacetone, cyclopentanone, a cyclohexanone, and 2-heptanone Keto 
ether, such as diacetone alcohol methyl ether, acetol, Ether, such as amides, such as keto 
alcohol, such as diacetone alcohol, dimethylacetamide, and dimethylformamide, an anisole, and 
diethylene-glycol wood ether, etc. is mentioned. Moreover, the mixed solvent which added a 
xylene, butyl acetate, etc. if needed can also be used. Especially, when preservation stability, 
membranous homogeneity, safety, the ease of handling, etc. are taken into consideration, it is 
desirable to use the mixed solvent which contains 3-methoxy methyl propionate, methyl lactate, 
or ethyl lactate as a principal component, and it is desirable to use a mixed solvent with 3- 
methoxy methyl propionate, ethyl lactate, propylene-glycol-monomethyl-ether acetate, or butyl 
acetate especially. 

[0016] The concentration of the alkali fusibility resin in a photoresist spreading constituent is 
usually 1 - 30 % of the weight, and the concentration of a sensitization agent is usually 0.01 - 15 
% of the weight. And it is usually twice [ 0.001 - 1.0 weight ] the rate of the sensitization agent 
to alkali fusibility resin of this. Furthermore, to the photoresist spreading constituent used by 
this invention, in order to raise spreading nature, a surfactant can be added. A fluorochemical 
surfactant is desirable especially. The concentration in a photoresist spreading constituent is 
usually 2,000 ppm or less. 500 ppm or less are 150 ppm or less especially preferably. Moreover, 
the triphenyl methanol for controlling the sensitizer for the extinction nature ingredient for 
lessening effect of the scattered reflection light from a substrate and the improvement in 
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sensibility and a dissolution property, a triphenylmethane color, a benzopinacol, etc. can also be 
added further. 

[0017] Moreover, the cross linking agent of the alkali fusibility resin which acts under acid 
conditions can also be added if needed. The compound which contains cross-linking radicals, 
such as hydroxymethyl groups, such as hexamethoxy methylation melamine, N and N, N', and N- 
tetra-hydroxymethyl SAKUSHINAMIDO, a tetramethoxy methylation urea, 2 and 4, and 6- 
trihydroxy methylation phenol, a methoxymethyl radical, and an ethoxy methyl group, in [ two or 
more ] a monad as such a cross linking agent is mentioned. 

[001 8] Since it is made to heat-treat and transform after exposing and developing the 
photoresist film which applied the above-mentioned photoresist spreading constituent to the 
substrate, and formed it in this invention, it is important to be able to make it deform with 
sufficient repeatability, and to prepare a photoresist spreading constituent so that easily 
[ control of the deformation ]. For example, in the so-called positive type photoresist which 
consists of the most common quinone diazide system sensitization agent and novolak resin, if 
the temperature more than softening temperature is added, the formation of a form status 
change by the surface tension of a photoresist and hardening by crosslinking reaction will take 
place. If the temperature of 150 degrees C or more is added, since extreme deformation will 
arise or the hardening reaction by the pyrolysis of a sensitization agent will arise, it becomes 
very difficult to control heat deformation. On the other hand, heat deformation cannot be 
produced if softening initiation temperature of a photoresist is not exceeded. Usually, it is most 
desirable from a viewpoint of the controllability of deformation to make it heat-treat and deform 
from the softening initiation temperature of the photoresist film at 10-30 degrees C and 
temperature especially high 15-25 degrees C. 

[0019] Therefore, as for especially the softening initiation temperature of the photoresist film, it 
is desirable to design at 1 00 degrees C - 1 25 degrees C 1 35 degrees C or less. If softening 
initiation temperature is 100 degrees C or more, it will be hard to generate the heat deformation 
at the time of PEB. If sharp past deformation control is fundamentally difficult for the less than 
100-degree C photoresist film with heat and softening initiation temperature exceeds 135 
degrees C, the range of heat treatment temperature with good dimension control will become 
very narrow. 

[0020] Although the softening initiation temperature of the photoresist film is fundamentally 
determined by the combination of alkali fusibility resin, a sensitization agent, a solvent, an 
additive, etc., if average molecular weight of alkali fusibility resin is generally enlarged, softening 
initiation temperature will increase, and if average molecular weight is made small, softening 
initiation temperature will fall. Moreover, if the boiling point of a solvent is generally high and 
there are many amounts of residual solvents in the photoresist film, softening initiation 
temperature will fall, but if the boiling point of a solvent is low and there are few amounts of 
residual solvents in the photoresist film, softening initiation temperature will rise. On the other 
hand, since the molecular weight and the solvent kind of alkali fusibility resin are greatly related 
also to the fundamentality ability of photoresists, such as sensibility, and resolving power, 
development residue, it is important for them to design a photoresist, balancing softening 
initiation temperature and fundamentality ability. 

[0021] Usually, since the solvent which heats after applying a photoresist spreading constituent 
to a substrate, fully removes a solvent, and remains is also removed by PEB etc., the effect of a 
solvent to the softening initiation temperature of the photoresist film is not so large actually. 
Therefore, according to the approach of the after-mentioned example, the photoresist film is 
formed about a photoresist spreading constituent and it has the softening initiation temperature 
(in this invention, this is called softening initiation temperature of a photoresist spreading 
constituent) measured according to the measuring method of the softening initiation temperature 
of the photoresist film which carries out a postscript about this, and can identify with the 
softening initiation temperature of the photoresist film formed from this photoresist spreading 
constituent mostly. That is, the softening initiation temperature of a photoresist spreading 
constituent can be measured, and contraction actuation of the diameter of a hole in this 
invention can be performed based on this. 
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[0022] Applying a photoresist spreading constituent to a substrate can use a spin coat method, a 
spray method, the gaseous-phase applying method, etc. that what is necessary is just to carry 
out with a conventional method. Especially use of a spin coat method is desirable. Moreover, 
after applying a photoresist constituent, in order to mainly remove the solvent in a constituent, it 
is desirable to carry out grade heat treatment for 60- 120 seconds at 60-1 10 degrees C. 
Although especially the thickness of the photoresist film is not limited, it is desirable as 
thickness after desiccation to be especially referred to as 0.7-1.5 micrometers 0.5-3.0 
micrometers. 

[0023] As a beam of light, g line (436nm), i line (365nm), excimer laser light (KrF:248nm, 
ArF:193nm), etc. can be used that what is necessary is just to perform exposure with a 
conventional method. It is desirable to use g line or i line especially. In this invention, after 
exposure, PEB may be given, before performing development. 80-130 degrees C, PEB is a 100- 
1 20-degree C temperature requirement, and is usually preferably performed for 50 - 90 seconds 
for 30 - 120 seconds. 

[0024] The water solution of organic alkali usually like tetramethylammonium hydroxide (TMAH) 
and the usual inorganic alkali, an alcoholic solution, etc. can be used for a developer that what is 
necessary is just to choose suitably with the configuration of the photoresist constituent to be 
used, the molecular weight of alkali fusibility resin, etc. In this invention, although the hole 
pattern of the diameter of an osculum is formed rather than the diameter of a hole made into the 
purpose on the occasion of exposure, the aperture is usually 0.2-1.0 micrometers, and is 0.4-0.8 
micrometers preferably. If this diameter of a hole is too large, even if it carries out heat 
deformation, the hole of the aperture made into the purpose will not be obtained, or the 
configuration of a hole will become a defect There is a possibility that a hole may be buried, and 
although not buried, it becomes impossible conversely, to secure a desired aperture only by a 
dimension controllability getting worse for a while, if the diameter of a hole formed of exposure 
and development is too small. Usually, although the diameter of a hole may be made to reduce 
easily to 1/2 or less according to heat deformation, it is difficult to make the aperture after heat 
deformation smaller than 0.1 micrometers. Therefore, although the diameter of a hole after heat 
deformation is usually 0.1-0.5 micrometers, if it is a request it is also possible to set the 
diameter of a hole after heat deformation to 0.05 micrometers. Contraction of the diameter of a 
hole by heat deformation should usually make 0.1-0.9 micrometers 0.2-0.6 micrometers 
preferably. 

[0025] Especially the heat treatment approach for carrying out heat deformation to the aperture 
aiming at the hole formed of exposure and development is not limited, and hot blast circulation 
BEKU, contact BEKU, contiguity BEKU, etc. can be used for it. Moreover, especially the mode of 
heat treatment is not limited, either, a temperature up may be continuously carried out to 
predetermined heat treatment temperature, and you may heat-treat several times at different 
temperature, the range which is higher than the softening initiation temperature of the 
photoresist film with which processing is presented although what is necessary is just to choose 
suitably according to the diameter of a hole made into the class of photoresist the heat 
treatment approach, a warm up procedure, and the purpose at least 1 0 degrees C or more as for 
the temperature and time amount of heat treatment, and does not exceed 150 degrees C — it is 
a 130-150-degree C temperature requirement preferably, and is a 30 - 400-second about room. 
Temperature is too high, or when time amount is too long, heat deformation of the hole formed 
of exposure and development is too large, and there is [ / that a hole is buried completely ] 
a possibility that the configuration of a hole may become poor [ ******** ]. Conversely, 
temperature is not too low, or if time amount is too short extent of heat deformation of a hole 
will be small and the hole of the aperture made into the purpose will not be formed. 
[0026] 

[Example] Hereafter, although an example explains this invention still more concretely, this 
invention is not limited to the following examples, unless the summary is exceeded. In addition, 
especially, as long as there was no explanation, the handling of the photoresist solution after 
precision filtration was performed in the clean room of the so-called class 1 00 of the yellow 
room which cut light 500nm or less. Moreover, the following performed measurement of softening 
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initiation temperature in preparation of a photoresist spreading constituent formation of the 
photoresist film, exposure and development, and a list 

[0027] photoresist spreading constituent preparation-: — sensitization agent: — the 
esterification object (it is 29% of rate of average esterification to a phenolic hydroxyl group) of 
the resin (weight average molecular weight 1 100) which was made to carry out the 
polycondensation of m-cresol and the acetaldehyde by the mole ratio 1:0.710, and was obtained, 
and a 1 and 2-naphthoquinonediazide-5-sulfonic acid was used. 
[0028] Alkali fusibility resin: The novolak resin (weight average molecular weight 4000) 
manufactured by carrying out the polycondensation of the mixture of 5:4:1 (mole ratio) of m- 
cresol, p-cresol and 2, and 5-xylenol and the mixture of 8:2 (mole ratio) of formaldehyde and an 
acetaldehyde was used. 

[0029] Photoresist spreading constituent: As 7.21 g [ of admiration illuminants ], 9.60g [ of alkali 
fusibility resin ], and benzopinacol 0.1 7g, 23.0g of methoxy methyl propionates, and a spreading 
disposition top agent, the mixed dissolution of Fluorad FC-430 (Sumitomo 3M make) was carried 
out so that it might be set to 100 ppm. Precision filtration of this was carried out with the filter 
made from Teflon of 0.2 micrometers of apertures, and the photoresist spreading constituent 
was prepared. 

[0030] Formation of the photoresist film: The photoresist spreading constituent was applied to 
the 5 inch silicon wafer by 3000 - SOOOrpm in the spin coater by the great Japan screen 
company, on the hot plate, it acted as the PURIBE king during 60 seconds at 90 degrees C, and 
the 0.96-micrometer photoresist film was formed. The softening initiation temperature of this 
photoresist film was 1 20 degrees C. 

[0031] Exposure and development: The photoresist film was exposed by i line stepper 
(NSR1755i7A) by NIKON CORP. through the mask of a contact hole pattern (1.00 micrometers, 
0.80 micrometers, and 0.70 micrometers). Then, for [ PEB ] 60 seconds was given at 110 degrees 
C, negatives were developed in 2.38% of tetramethylammonium hydroxide water solution, and the 
wafer with which the contact hole pattern (1.06 micrometers, 0.86 micrometers, and 0.72 
micrometers) was formed, respectively was obtained. In addition, when it exposed using the mask 
of a 0.25-micrometer contact hole pattern, even if it changed various exposure conditions, the 
contact hole was crushed and did not carry out opening. 

[0032] Measurement of softening initiation temperature: The wafer with which the photoresist 
film is formed was exposed through the mask by i line stepper (NSR1755i7A) by NIKON CORP. 
For [ PEB ] 60 seconds was succeedingly given at 1 10 degrees C, negatives were developed in 
2.38% of tetramethylammonium hydroxide water solution, and 12 wafers with which the pattern of 
the magnitude of 10-micrometer angle was formed were obtained. 

[0033] Eleven wafers were heated for 60 seconds at 11 kinds of different temperature to 150 
degrees C at intervals of 100 degrees C to 5 degrees C among 12 wafers with the contact hot 
plate of attachment in the spin coater (SCW-636-AV) by the great Japan screen company. This 
heating was performed in the clean room of 50% of humidity at the temperature of 23 degrees C. 
The cross-section configuration was observed with the electron microscope about one wafer 
which has not heated, and 1 1 wafers which performed heating. The decision of a softening start 
point was made as follows. That is, as shown in drawing 1 , a perpendicular 2 is drawn to a 
substrate from a part for the substrate jointing 1 of the edge of the pattern B formed on 
Substrate A at the magnitude of 10-micrometer angle. Next, a tangent 4 is drawn in parallel with 
Substrate A so that a part for the flat part 3 of a pattern B front face may be touched. A 
tangent 4, the point 5 which Pattern B left and the straight line 6 which passes along a part for 
the substrate jointing 1 are drawn, and the include angle 7 which a perpendicular 2 and a straight 
line 6 cross is measured about each wafer. Rather than the include angle 7 of the wafer which 
has not heated, whenever [ stoving temperature / of the wafer with which the include angle 7 
became large 5 times or more ] is made into softening initiation temperature. 
[0034] The wafer with which the contact hole pattern obtained by the examples 1-3 and example 
of comparison 1 above was formed was heat-treated by the temperature and time amount which 
are shown in Table -1 on a contact hot plate. The contact hole pattern of the wafer after heat 
treatment was observed with the electron microscope, and the aperture of a contact hole was 
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measured. A result is shown in Table -1. In addition, in the examples 2 and 3, 2nd heat treatment 
was succeedingly carried out to the 1st heat treatment. It was perpendicular, and inside bulging 
etc. was not seen but the pattern configuration after heat treatment of examples 1-3 was good 
near the substrate. Moreover, the DOF range which is the index of process tolerance also 
attained 2.0 micrometers or more with the trim size of 0.20 micrometers or less. 
[0035] 
[Table 1] 
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[**H2] ^ac^®CCj:9?LS0. 2-1.0 

so. i-o. sumtcffi/i^Mzctzmwittzm 

3R3B 1 IBKO^-Jb^^-XO^^^o 
[||*R3 ] ■XftcmftK: J: 0»flSLfc*--;U^* 

>©#«#&■ 

ft. 20 
6& 9 , fWfcH*&£B»* 1 3 5 WFC* 5 C t 

t?z. mt&tcz<Dmtm&m&* 1 o-c«±s 

[«*B7] 7>WM*J»tt1IML Si^JR^^*^ 30 

<t1-£, B*aWH«KiJ:»)?Lao. 2-1. 0**m© 
*-Jb/<*->t»au, 3H«&«:£©ftftMtefflSJ: 
0 6 1 OX;J!^»»fififcftB»UT*-Jl/a«r 1 /2« 

[000 1 ] 

afhttaa©*-;^^-^**^^^^^*^ 40 
©?&£«> 
[0002] 

[ft*©i»fi] IMniB»¥«ii9ft«:«IIHRK{kS 
ft, ¥4+% v?yl>#&7tH2ZS*:*)- (DRA 

m) *wccin«, s*et«. 1 eMtr^ h©§ettgs 

9 h©<>©^iJl^oo*-5 G *ft(cm>SM»BB©£ 
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[0 00 3] UVZhX*-><DWUK. (R> tt. -« 

jest ( 1 ) r«s*isci3&%e>nrt»a. 

R=k-A/NA -(1) 

CC-C, A :»M<Dtt& NA :&&U>XgCB& 

[0004] u^h^^->^©s*«a«:«, ee* 

tt*H^>^©g«6 («S436nm) Xtt i 
(»S3 6 5nm) . 

Sft*<fc5fcfcoT»Tt>S,, fi£*©7 

* h uyx s«fi«"c©RjR3&s*#c*ftf«^ 
[ooo5] *fci/>xHP»tt. **^«a»iwett. 

HffltoKte, 0. BgaWRSiShr^*. £t±©<k. 

SfriUctfbtirtift. tt»j/7 more; iwrrs-* 

X^j®a8P©fiffl«:S^«:saSS^Wl^3>h7X h 
©W»M:fcS©r. ttfr>y h^JBi>fti4MKfc''< . 

[0 00 6] y*Y\sV>* Yrt$-y<mMit<D^m<D 

CCPEBiC^) M9l6tirc»S. PEB©B^«, UD 
IMC J: o r JB* OfcWIBa««kJe»*iBC Tciccj: 

0, sft«ccj:aia*sii©iga[»ffi«r^b'racitc 
[0007] *icm&>*>s mmKmm*m*$x 

X h ©«g|5X«^M^^a OfcSMKK* y >^ffi^^ 
3^r»*U, xy^>yvX^^^->iL/T©BJ» 

fct^7t FU^ h^6©3tfx©«ffl»±9*BW<S: 

^6a«^a*«swory * v h©*?s«sfB4 

Stt:0jn^ 1 996^. »;r^>fXti:, 
2 15I)o *©fc«>tt*^< WfcBBftBttoaHi^* 
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©4>fc t tf 0 c £ t z ft r i » i „ 

[0 008] 

h uv* v *mmmo&mmo>fim?. ^ > * * f 

[0 00 91 

* Fu^x FJ8©$WfcH*&il£J: 0 l o p c« 

[0010] 

h uv>* bm<on%mm&zx\t 

9x/^BK£a©MM*«K BRM&SStifc: 
Si^t^^^^x^, Ga A 

s, A 1 GaAsSOni - -V4b^©^£9x"& 

vmzBi£?2>tc$><Dy * v u^x btm&imtbx 

tt. 9Ht»^7 F*-/>yr5?F*£©*-'>5>7yF 

[ooin r^u^*f«iiturtt«»5aaK0« 

Wffi. *ybFn*VX*l/>3Utt©W«k 

* **IiXfcl:# U b F 0*3/;* * U>^U < l**©MW 

y^»II4Lrtt. 7xy-Jk o-*l/!/-Jk m- 

2, 5-*i/U-/-;k 3. b-*U\*S-M&DT& 
W7x/-« 2 h*i/7x^-JK 
tV7xy-Jk 4 - 7* y x jHf©7A»a 
^X»T';-W*^7xy-;m, a-t7h 
Jk /3-^7 h-;k 3 a-*? F-;l/l?© 
1, 3 -e/fc FatJ/"C>*> ( 1. 3 
-i>b F-a*2/-2-^*^>-tf>, 1, 2. 3-F 

yb Fa*j^>tf> % i, 2. 3-hytFa+v- 
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b-J^jVOVy. 1, 3, 5 - F y b FP+^VV 
>•*?>!£©# y b Fa*S/^>-£>8|3?©b FP*S/f 

mmit&mt. WAT;i/ft f\ n^^^Ar^b 

F\ 7-fe hr^rb F\ rc^T^fb F9©IiH«ir;U- 
ft FJB. OXTJVffc F9©5iaKTiUf t t F«. 

ttt><DZm\i>Z Ct&VSZo 0tb<\t. m-2bV 

-;k p-*uvr->k 2. s-^uz-^s^, 

10 5 -*isUS-)l><D5%0— SJ£Lfc<fc. ^AT^fb 
F\ T-fe hTil'ft F, ^'^T^ft F<Dl>-fftfr-a 

» v m-^U!/-;^ p-^UV r -;l/R<^2, 5-*$/ 
U^-Jl/i, tfJUAT^fb F3MftXtt*Jl'A7JW s fc 

F&tfr-fe hr/i/rb F*o<B^r^f s t F££, 

ut b»mmimtbxm®R&z&, mm&z 
wcboxab*), ctizm^xmsibtcy * bwsxb 

20 [0012] -/#^9^*WB©#y^^u>tt»ffli¥ 

i^I^S (OT. *CC»?»iC^)-tt. 3 0, 00 0 
WFs ^2 0. -0 0-0«T^»*Ul». -e©TKSii5 
0 0K±3&s»*l/<, 4$CCH*U<tt3. 0 00«Jbr 

[0 0 13] ?l<ybFn*2/X^U>Sl/<B-e©8l» 
30 ftit/T«, 4-tFn+^^t/>, 3 -^^^-4 
-bFD^^X^UX 3-d7DP-4-b Fa*VX 
fl/>?©tFn^^fi/>iiMv ato©*ffi«c 
J:0*dS*^:fc©*»C»SCi3Wr**. ff^ 
^6«, JJ2©T^yWj»tt*Bt*3R»K:J:OKc 

s 6KTii/* y ?HBtt»iBt«ai-r*fc«)©*»i!8fb^ 

40 [0 0 14] #A,b<*s>&T&vm*&t*MXMtl, 

am, i. 2--oi/*^>^r^F-4-x;i/ 

^>S» 1, 2-t7F + y>S?7^F-4-XW> 
1. 2-t7F + y>^F-5-^>99 
©i^f^K«7 5F»6n^ 0 Wittf^y-fe 
y>, ^>d?xyxy h-;b^©^y b Fn*5/r;u* 
iWk^JXtt^sK^^^WJl ^7^-;i/A, 4. 
4' . 4* - F y b Fo+'>7x-;W^> t 

mf>, ^ey>, #yh fo+j/^>!/" 

7*-/>9©#ybFn*i^fSJKfb^«<!:, 1.2- 
50 ^>7*y>^T5> F-4-X;b^>Kv 1, 2-^7 
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b*y>^7^K-4-x;M0R l. 2-t7h^ 

[ 0 0 1 5 ] 7 * h us^x Mfe^JB^«5©3ISlK:fflc^ 
.jffl8£l/ttt, *JM*/k ?L»x*;k 

x^-fenv^r-fef*- F v ^f^ay^nf 
-F, ^afc*u>y»;n-;i/^y < y^;i/x-f';i/T-fe7' 10 

3-^ht^-*/Pt^>^f;W 3-xh+S/ 
fc; * >^x ?-;t/^©7 >M/n * ^^^jK^IxXf^ 

Uv>, 2 - h>5B, t^T-fe h>r^ 

^;U7-fe F7^ F, *Py^Ww!/A7 5 F^f©7S F 

a. 7xy-;K ^x^u>y»;rj-;l/i/y^;l/x-r 20 

Kac>©«a3S*»*r«£* STyht^aet' 
£trtB£^*m>S©#»*t/<, »cc-3-y>*5/ 

[ 0 0 1 6 ] ^ * h u^x FJfe*tt«»«:*jW4T;i/* 30 

* % o. oo i-i. omsfg?fc* 0 Jgcc, 

7 ? a»jnffisi^*q?s ^ * h u^x bwm& 
mwc*3vz*(ommzm%2. o o o P P m«K 

£>£o »*K«50 0ppm«T, ^150ppm 

4fc»©«#tttro, Mfl±©fc*©»«». fflBtt 
t££n> F a - ;U"f£ /<:#)© F y :7xx;i^£y-;U-$> 

[0 0 1 7 ] X. #BfcjJ5C. Kl^ttTrftfflTST 

©J:5«caR«KW£ur«^*if-> F*w*;i/{kjf5 3 
N. N. N' , N' -f-F^b Fn*^*;HJ** 
i/^5F, f F^ h*5/^^MtBW» 2. 4. 6- 
F y t F a * W ^{k? x y ~;l>3?© bKa+w^ 50 
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[ooi8] *»«Tii±ao7 * f wjzbmmm 
toiStiucmfBisX&iitbtii? * f wjts bmis 

<*#3tfSe£#T** *o*©s^*w#sg-c 

i^x f r «<k£«±©fflftjW)Dfc* t7*buv 
xF©*ffi^fc<**JBtt^k<!:. JHMOBKiSWt- 
3MBC&. 15 0Xa±©SW3&J**>4£ % 

7* FU^X h©ft<tHttU«B*ftttftK» 
5>X FM©«cfkHMflJ««»6 1 0-3 O'C, «CC 1 5- 

[0 0 1 9 ] fflot7 * f u>>x FK©iMkK»&fig« 
1 3 5 -mr. »k 1 o o ■Ov 1 2 5 -cccstf-r *©# 
»* u>. Mkn^aaw i o o °c«±r an«p e b 
mmaa&tfist&bni*. mmmmm* 1 o o -c*a 

mmLvmm&m&xm &*. 
[ o o 2 o ] 7 * f u^x FK©«ftH>&jaa», s* 

tt^i©¥^ J ? 1 S4^#<*rn^, MkBBttBS»K 

^*©si#^sfi^^c > t mmmmmr? ^ 
<Sfli©^^a^^s«, SK^wft*. ^^«a^© 

•C; WkBII«att4ae«t*i©^>^4K0W6 

7^n>^xF«i»f-rac£*«s»T**. 
[0021] mmu7 * F U^X F^ffl^«54SSCC 

mLtco%m®bxim%+ftm£;?z> ttc® 

^ F u^x FJS©«c{k«*&SR«:*ff ilttDCW* 

*«:i«tia£^t < se^t7 * f u^x f»* 
fflttttJcot^aiBoiaiiWo^fficcseor^* fu^ 
x f B*»fisu cn«coi>raE-r *7 ^ f u^x f 

K©«{kra*&S«©»JSffi0cSeor»J5£Lfc«{kM*&S 
jfl**ft»«Stia7 * F u^x FK©«cfkB8*&fflS£ 




tt©*tfkHttBK&ffl£U CtiJcSi>t:*«J!«:i5W 
£ * - ;ua©»/J>»ffi «f 9 c i #r * -5 . 

i o. o 2 2 1: 7 * h uy* hmfimmzm&tcmisir 

*©tt«fcfcJ:9fTilttJ:<* MAtt, ^t>a-h 

^x htttiWtifeflfUft:©*. £fc«^*©8«*» 
6 0-1 1 0 o C"C6 0-l 2 0#fflgg 

1toi^3hSfc©rtttti>#. £$&©»?<!: or 

0. 5-3. Omiit 4${C0. 7-1. 5/im<!:*fS© 

[002 3] nmxsmtc J; 9 tf *.« «fc < , 
»g«.(438nm) , i8 (3 65nm) , x^7 
U— If— 316 (KrF:248nm, ArF: 193n 

m) •*Ht>ac&#r**. »ccg«x«ij»*fflc> 

StlTfcPEBfcJfcLrfcJ:^* PEBte, M3t8 0-1 
3 0 U b < \Z 1 0 0 - 1 2 0 "CCDSaKfflT, it 
*3 0^12 0#HL »*U<tt5 0^9.0fWBtf5. 

[0024] gt&ig«\ * h i^x vmmo 
f (tmah) ©cfc^fewar^y*, ««© 

*©?L»*»£0. 2-1. 0/zmr^O, 
<«0. 4-0. 8Mmt^„ C©*~;V&#*£-f 

ic83fc • SfttcJ:D»J5ESti^^-;l/S^/hS-r^s 

-r:i,*5K*i#*tK £/c&$6ftt>g-ck£rS©?L& 
/2JHTcc«jiKii/hs-tt»s3&*. mmmm& 

0. 1 /imJ:0^8<f*cDttH»C**. 

m&<D*-)\,mmmzo. 1-0. 5amt*w 

0. 1-0. 9/zm, W$L<«0. 2-0. 6/imi 
[0 02 5] 8*- 3B«KJ:0»J«Snfc*-Jbta» 
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f £ 7 * hl^x h8(D«[f UBMSKJ: ») fc&ffi 1 0 XI 
fclt*<* *>oi5 0*C*iB*&^l5H. »*U<ttl 
3 0-1 5O°C0SS©ar, 3 0-4 0 0#HSgr 

[0026] 

frfiffK fii®@M&©:7* hU^XhjSjKOBBSHiSO 
OnmKT©*^!? hLfc#riB-rxp-jl/~A©^ 

xi oo©*y->*-Artrfrofc. 7* hu 

^x httffiflj$«pDH£L h u^x hK©JB/& 8 
[ 0 0 2 7 ] 7 * h U^X httfffldHkOHH : 

1:0. 71 orajtesirai&ftfttfii (w^ 

#*S1100)<t, 1. 2-t7h + />^7^h'- 
5-x;u#>«£©xx^;Wfctt (7*->-;Utt*M» 
■W*l/2 9«©¥*x^f-iWfc») ifflt^. 
[0 02 8] r^ypISftSSirm-^uy-iP, p 
SC/2, 5-^>l//-W5 : 4 : 1 

F©8 : 2 (-=ejHt) ©«£«&*. Mffi^^^-S 
40 0 0) 

[002 9 ] hl^^X F^fijjKtt: S«fe3fl7. 2 
lg, T^*ypJ8tt»Bi9. 6 0g. oyt'^n- 
;U0. 17g, ^h^^^nt^>K^^;i/2 3. Og 
Stf, »5ttfiIiaiU7O7-FFC-430 (tt 
^XV-xa (ft) ItlS) *1 OOppmmJ:^ 

[003 0] 7 * h U^X HS©0J5S : 7 * h U^X h 

»**teEtt** 0*x >7 V - >ttu© x f > n - * - ec 

T300 0-5 000 rpmiCT, 5-f>^^>yrJ>^ 
XM^flJL, *y h^U-h±tC-C9 0*Cr6 0#H 
^ij^-^V^UrO. 9 6jtzm©7 4- hUi^Xhg^ 
C©7 * h U^X Hg©tt{fcH*&fiS« 1 2 
0 0 CTN5ofc 0 

[0 0 3 1 ] 8^C;««: V* hU^xm*x3> 
50 tUHi«X^yA- (NSR 1 7 55 i 7A) Ccr, 



1. 00<inu 0. 8 0/imM'O. 70/im©3>$ 

1 1 OT!TBO#nPEB*JfcU 2. 3 8%©*Kfk 

1. 06/im, 0. 72am<D3>£ 
9hW*->tffilitZto1tVx»i»1t. fcfc, 0. 

[0032] ft{Un6aftCf>»]£ :. V * h U^X 

(NSRl 75 5 i 7 A) CCCvX^Jfe^OtS^L/ 
fc„ 3I#&*1 10X1^6 0#BPEB*JSU 2. 3 

*1 2tt»fc.. 

[0 03 3] 12t!((D^(DHllWi^ 
*S#X*y->l±$J;*fc'>3~*~- (SCW-6 3 6 
-AV) «:f*Ji©3>dr^ KCT1 00 

5 0-c^ri i«»os&ssKr 
6 omiMmi>tc. c<amamBL2 3 -crass 0% 
<o 9 y - > Afi t?ff o /Co ite L r c > & i> 1 tfc 



C6> «W¥1 0-2 74 8 54 

10 

^©J:5CcUTtfr>/Co -Tftfrfc* HI 3 
$A±$C1 0Mmft©^^CC^5tl^:/^->B<D 
^©««ftll^l*6M(c»lyra«2*5l<. 
#ec< * - > Bg|ffi(D¥J§gi$# 3 te&T S J: 5 GtSSxA 
t¥ff«:«l4«[<. 8»4i^dr->B3WMifcjS 

JSOTl>ttl^x^CDftS7<fc0fe, 5K«Jtftffi7j&J 
10 A^</cCo/c^x^(D^aS^i)c{b^aS<i:-rS 0 
[0034] 30601 1 ~3&tfJ:b$50!l 1 

IWB-CiUaaL.*:. IMffl«©*x^©3>**h 

asebfc. is***- ifc^f 0 mmmz. 3v 
ssfe« i - 3 (DMnttD^* - msssn* 

20 ^n-b^»8ttcD»Br*&D0Fl/>^*>, tt±0^J* 
SO. 2 0MmHT-C2. 0/imKJ:«l/Co 
[0 03.5] 
[«'!■] . 
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